The aim of this study was to determine the air-bone gaps in adults with mixed-type hearing loss using air-conduction auditory brainstem response (ABR) latencies.
INTRODUCTION
Auditory brainstem response (ABR) is an objective measurement method used in predicting both the hearing level and the diagnosis of a number of neuro-otological diseases. Because the method is non-invasive and the patient's subjective participation is not required for results but patient relaxation and/or sleeping during test is important, ABR is one of the methods used for differential diagnosis.
Two basic stimulation modes (click and tone-burst) can be used for obtaining ABRs. ABR thresholds obtained by click stimulation are reported to mainly reflect high-frequency area activation but do not provide data specific to the frequency [1] . On the other hand, tone-burst stimulation is frequency specific and provides information on the hearing function at the frequency used. Toneburst ABR is a technique that particularly used in infants and children to determine pure tone thresholds [2] . Many researchers have stated that the electrophysiological thresholds obtained from the ABRs with tone-burst stimulation at 0.5-4 kHz and pure tone audiometry thresholds are nearly the same and that use in clinical practice is certainly justified [3, 4] . In Munnerley et al. [5] study on tone-burst stimuli in cases with normal hearing, it was reported that electrophysiological thresholds were 10 dB HL higher than pure tone thresholds and that this difference was even greater at 0.5 kHz. Fria and Sabo [6] proposed that, according to the normal values of conduction-type hearing loss, a 0.3-ms delayed Vth wave latency in ABR is equivalent to approximately 10 dB HL in pure tone thresholds. No interwave latency difference was observed because the latency shift was equal for all waves. Bone-conduction click and tone-burst ABR tests also important for differentiating between conductive and sensorineural hearing loss. Studies have shown the diagnostic value of these tests in both children and adults [7] [8] [9] .
In Turkey, ABR is mostly used to obtain objective hearing data for official reporting. Air-conduction tests are always preferred over bone-conduction tests in ABR measurements for clinical protocols. It is problematic to obtain subjective hearing data because of providing interests, particularly in adults, for official reporting. Discordancy in the air-bone gap may be encountered.
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Evaluation of the Relationship Between the Air-Bone Gap and Prolonged ABR Latencies in Mixed-Type Hearing Loss
The air-bone gap can be detected on audiogram using the threshold shift property of ABR in discordant conductive and/or mixed-type hearing losses. In this study, we aimed to determine the air-bone gaps in patients with mixed-type hearing loss using ABR findings obtained with click and tone-burst stimuli.
MATERIALS and METHODS

Subjects
This study was conducted after obtaining approval from Fırat University Non-Invasive Studies Ethics Committee and individuals who would be included in to this study.
Thirty volunteers with normal hearing (control group; CG) and 30 volunteers with mixed-type hearing loss (study group; SG) who were aged between 19 and 55 years participated in this study. The mean age of CG (17 females, 13 males) was 39.13±11.66 years and that of SG (17 females and 13 males) was 39.53±12.19 years. CG and SG were formed by matching the age and gender to each of these individuals. Each participant was informed, and consent forms were obtained and signed. Gender differences were not taken into account for participant selection. Ear, nose, and throat examinations of all the participants were performed by an otolaryngologist, and detailed histories of the ears were recorded. Before ABR measurements, pure tone and speech audiometry and acoustic immitansmetry were performed in both groups, and the spontaneous otoacoustic emission (S-OAE) test was performed in CG only.
The control group individuals had normal ear examinations, normal hearing, normal speech discrimination score, and pass results bilaterally in the S-OAE test [10, 11] . Participants in CG with known chronic diseases (diabetes, chronic renal failure, and others), history of ear surgery, history of autotoxic medication use, and history of acoustic and/or physical trauma were excluded from the study.
Participants in SG had air-conduction audiometric thresholds higher than 30 dB HL, bone-conduction thresholds higher than 20 dB HL, air-bone gaps higher than 10 dB HL, frequencies between 0.5 and 4 kHz, and normal speech discrimination scores [11] . Participants in SG who had history of ear discharge in the last 3 months, history of ear surgery in the last 6 months, and a known chronic disease (diabetes, chronic renal failure, and others) were excluded from the study.
Audiological Evaluations
Subjective audiological evaluations were performed in appropriate soundproof rooms in a standard quiet cabin (Industrial Acoustic Company Inc.; New York, USA). An Interacoustics (AC40; Assens, Middelfart, Denmark) clinic audiometer with TDH 39P (Telephonics earphones, Denmark) was used for air threshold and speech tests. Bone-conduction hearing thresholds were obtained using the Radioear B-71 bone vibrator. In both ears, air-conduction thresholds were found to be 0.25-8 kHz and bone-conduction thresholds were found to be 0.5-4 kHz using the standard ascending method. AccuScreen (Madsen, Taastrup, Denmark) screening otoacoustic emission and AZ26 (Interacoustics, Middelfart, Denmark) tympanometry were used for CG in this study.
ABR Audiometry
Auditory brainstem response tests were performed using the Synergy T (Medelec, USA) equipment with ER-3A insert earphones. ABR results were ipsilaterally obtained using 100 µs alternate click and tone-burst stimuli and absolute/interpeak latencies (IPL) were evaluated in both groups. ABR waves tend to be prolonged because of the difference in difference in contralateral recordings.
Furthermore, I and III waves frequently remain undetected; therefore, contralateral recordings were not used in this study.
Gold plate disc electrodes were used during the recording; the reference electrode was placed at the ipsilateral mastoid, the active electrode was placed at the forehead, and the ground electrode was placed at the contralateral mastoid. Care was taken to ensure that the impedance difference between electrodes was below 4 kohm.
Click ABR was made using a 20/s repetition rate and 90 dB nHL stimulation level. Tone-burst ABR was made with a 30/s repetition rate and 90 dB nHL stimulation level at 0.5, 1, and 2 kHz. Because this device has 80 dB nHL maximum output power at 4 kHz, tone-burst stimulus recordings could not be analyzed. Two separate traces for each frequency were provided with 2,000 cycles at 15-ms recording intervals.
Statistical Analyses
Statistical analyses were performed using the SPSS v.12 for Windows (IBM SPSS Statistics, IBM Corporation; Chicago, IL, USA) package program. For statistical evaluation, the t test for independent samples was used to determine any existing differences in the latency values of ABR in CG and SG; p<0.05 was accepted as statistically significant. The relationship between prolonged latency duration and air-bone gap was found using Pearson correlation coefficient.
RESULTS
The air-and bone-conduction pure tone average scores of groups between 0.5-4 kHz frequencies are given in Table 1 . The absolute latencies and IPL of groups with tone-burst and click stimuli at 90 dB nHL are provided in Table 2 . Wave latencies and IPL with the click stimulus were found to be significantly longer in SG than in CG (p<0.05). Only wave I latency at 0.5 kHz in SG was not different from that in CG. Similarly, all wave latencies and IPL at 0.5/1 and 2 kHz were found to be significantly longer in SG than in CG (p<0.05), except for I-III IPL at 1 kHz.
The relationship between the air-bone gap and ABR latencies of SG is shown in Table 3 . The relationship between absolute latencies and IPL and the air-bone gap was found to be very weak and weak with click, 0.5, and 2 kHz stimuli. Moderate and strong positive correlations were observed at wave III, V latency, and I-III, III-V, and I-V IPL, obtained by the 1 kHz tone burst stimulus. The maximum correlation was found at I-V IPL at 1 kHz.
DISCUSSION
In mixed-type hearing loss, the evaluation of air-and bone-conduction hearing thresholds, particularly in cases with symmetrical hearing loss, can be a difficult process for clinicians. This difficulty becomes more obvious with the factors that affect patient cooperation and attention. In addition, determining the masked bone-conduction threshold may be time consuming in patients with symmetrical bilateral mixed-type hearing loss. ABR responses can generally be used in differential diagnosis. Wave latencies and IPLs are the most common parameters to distinguish pathologies [3, 12] . Click and toneburst are the two main stimuli used in brainstem responses. Previous studies have shown that the age, gender, intensity of stimulus, stimulus repetition ratio, body temperature, use of medication, and type, degree, and configuration of hearing loss can cause differences in ABR results [4, 11, 13] . In order to minimize the effects of age on ABR wave morphology, adults aged between 19 and 55 years with mixed-type hearing loss were included in this study. This study was conducted without gender distinction in healthy volunteers using a constant intensity and stimulus repeat rate.
Parallel to the progression of the disease (in chronic otitis and oteosclerosis), in mixed-type hearing losses, decreases in both air-and bone-conduction thresholds may be observed over time. The reasons for decreasing air-conduction thresholds are increased damage of the tympanic membrane, middle ear, and/or ossicles during the disease process; decreases in bone-conduction threshold are due to the passage of toxins and drugs into the inner ear by means of the round window [14, 15] . Active middle ear infection causes a further decrease in air conduction. In this study, patients with chronic otitis media who had no active infection and fixed air-and bone-conduction hearing thresholds were included.
There are many studies related to hearing thresholds successfully identified by using ABRs [3, 4, 16, 17] . Research conducted on infants and children with normal hearing and sensorineural hearing loss has shown a high correlation between pure tone hearing thresholds and tone-burst ABR results [15] . Another study on tone-burst stimuli in cases with normal hearing has reported that electrophysiological thresholds were 10 dB HL higher than pure tone thresholds and that this difference was even greater at 0.5 kHz [5] . In this study, pure tone thresholds and ABR thresholds were not compared because investigating the correlation between hearing thresholds and ABR thresholds was not the objective of the study.
Auditory brainstem response latencies are prolonged in conductive and mixed-type hearing losses because the sound intensity decreases during transmission to the inner ear due to middle ear problems.
Interpeak latencies is not prolonged because all waves are equally prolonged. In conductive-type hearing loss, latency-intensity curves are above and parallel to the curves obtained from individuals with normal hearing. McGee and Clemis [18] found a good correlation between real audiological thresholds and thresholds obtained from ABR in conductive-type hearing losses. Similarly, Fria and Sabo [6] proposed that according to the normal values of conduction-type hearing loss, a 0.3-ms delayed wave V latency in ABR is equivalent to approximately 10 dB HL in pure tone thresholds. In our study, the latency-intensity graphic was not presented because detecting ABR wave thresholds was not an objective. Our main purpose was gap appointmentwith latency prolongation. In this study, the stimulus intensity at 90 nHL was used to detect clear ABR wave forms and latencies, by taking into consideration the SG hearing thresholds. Wave [3, 12, 13] . The wave V and I-V IPL were found to be significantly longer in mixed-type hearing loss in SG than in that in CG with click and 0.5, 1, and 2 kHz tone-burst stimulation at 90 dB nHL.
The relation between latency prolongation and air-bone gap was separately evaluated. The relation between absolute latencies and IPL and air-bone gap was found to be very weak and weak with click, 0.5 and 2 kHz stimuli. The reason for weak relations with click and 2 kHz stimuli may be a narrower air-bone gap in 2 kHz than in frequencies.
Moderate and strong positive correlations were observed at wave III, V latency, and I-III, III-V, and I-V interpeak latency was obtained by 1 kHz tone burst stimulus. The maximum correlation was found in I-V IPL at 1 kHz. When this study was planned, it was thought that the air-bone gap could be estimated using click or tone-burst stimulus in mixed-type hearing losses. Because of its properties, the weak correlation value obtained by the click stimulus was an unexpected status because the click stimulus has the best relationship with hearing thresholds. On the other hand, a relationship could not be obtained with either click or 2 kHz stimulus as the air-bone gap was lower in these frequencies than in other frequencies. Nevertheless, this study has also revealed a positive relationship between the air-bone gap and the prolongation of wave V at 1 kHz. We believe that this positive relation is related to obvious bone-conduction thresholds at 1 kHz. The importance of using this particular frequency was presented as being the relationship between the air-bone gap and wave latency prolongation.
Ethics Committee Approval: Ethics committee approval was received for this study from Fırat University Non-Invasive Studies Ethics Committee.
Informed Consent: Written informed consent was obtained from patients who participated in this study. 
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